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1
SEMICONDUCTOR DEVICE

TECHNICAL FIELD

The present invention relates to a semiconductor device
and more particularly the present invention relates to a
semiconductor device comprising a through-electrode place-
ment region (or bump electrode placement region).

BACKGROUND

Electronic devices and the like have become more com-
pact in recent years, and as a result there is also an increasing
demand for greater compactness in semiconductor devices
fitted in electronic devices and the like. Against this back-
ground, attention is focusing on technology in which mul-
tiple semiconductor chips are stacked in three dimensions
rather than being arranged side-by-side in a plane. Among
these technologies, a method of connecting chips using
through-electrodes (through-substrate vias) running through
a semiconductor chip is anticipated to be a technology which
can reduce the mounting surface area of a semiconductor
package because it does not require a region for routing
bonding wires (see Patent Document 2, for example).

Furthermore, a semiconductor chip is generally provided
with an electrostatic discharge protection circuit in order to
prevent breakage of the internal circuitry caused by static
electricity input through an external terminal. This kind of
electrostatic discharge protection circuit is also provided in
a semiconductor chip having the abovementioned through-
electrodes, as described in Patent Document 1, for example.
In this case, the electrostatic discharge protection circuit is
disposed between the through-electrode placement region
and the internal circuitry. Moreover, the through-electrode
placement region is also a region for placement of bump
electrodes which are provided together with or instead of the
through-electrodes, so it can be said that the electrostatic
discharge protection circuit is disposed between the bump
electrode placement region and the internal circuitry.

Patent Documents

Patent Document 1: JP 2010-135192 A
Patent Document 2: JP 2012-243253 A

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

With the arrangement described in abovementioned Pat-
ent Document 1, however, the surface area is not utilized
very efficiently because the electrostatic discharge protec-
tion circuit is present between the through-electrode place-
ment region (or bump electrode placement region) and the
internal circuitry so there are difficulties in terms of com-
pactness. This is also a problem which is common to other
circuits disposed between a through-electrode placement
region (or bump electrode placement region) and internal
circuitry, such as an output circuit for outputting read data,
for example.

Means for Solving the Problem

A semiconductor device according to one aspect of the
present invention comprises: a semiconductor substrate; first
to third bump electrodes which are formed on the semicon-
ductor substrate and are disposed at a first pitch along a first
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direction; fourth to sixth bump electrodes which are formed
on the semiconductor substrate and are disposed at the first
pitch along the first direction; seventh to ninth bump elec-
trodes which are formed on the semiconductor substrate and
are disposed at the first pitch along the first direction; a first
transistor comprising first and second diffusion layers which
are formed on the semiconductor substrate; and a power
supply line disposed on the semiconductor substrate, the
semiconductor device being characterized in that the first,
fourth and seventh bump electrodes are disposed along a
second direction intersecting the first direction at a second
pitch such that the first bump electrode is located between
the fourth and seventh bump electrodes, the second, fifth and
eighth bump electrodes are disposed along the second direc-
tion at the second pitch such that the second bump electrode
is located between the fifth and eighth bump electrodes, the
third, sixth and ninth bump electrodes are disposed at the
second pitch along the second direction such that the third
bump electrode is located between the sixth and ninth bump
electrodes, the first diffusion layer is connected to the first
bump electrode, the second diffusion layer is connected to
the power supply line, and the first transistor is disposed in
a region between the fourth and sixth bump electrodes and
the seventh and ninth bump electrodes.

Advantage of the Invention

According to the present invention, a first transistor is
disposed in a region between fourth and sixth bump elec-
trodes and seventh and ninth bump electrodes. That is to say,
the first transistor is disposed within a bump electrode
placement region, so there is no need for a region for placing
the first transistor to be provided outside the bump electrode
placement region. This makes it possible to utilize the
surface area more efficiently and to achieve a more compact
semiconductor device.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 (a) is a schematic view in cross section to illustrate
the structure of a semifinished article 10A of a semiconduc-
tor device 10 according to a preferred first mode of embodi-
ment of the present invention, and (b) is a schematic view in
cross section to illustrate the structure of the semiconductor
device 10;

FIG. 2 is a plan view of a main surface 21F of a memory
chip 21 shown in FIG. 1(a);

FIGS. 3 (a) and (b) are schematic diagrams to illustrate
the state of connection of through-electrodes TSV1 and
TSV2;

FIG. 4 shows the configuration of an electrostatic dis-
charge protection circuit 61 internally provided in memory
chips 21-24 shown in FIG. 1(b);

FIG. 5 is a schematic view in cross section of the memory
chip 21 shown in FIG. 1(b), corresponding to the line C-C
in FIG. 7;

FIG. 6 (a) relates to the electrostatic discharge protection
circuit 61 shown in FIG. 4 and is a plan view showing a
configuration embedded in a main surface SSa of a semi-
conductor substrate SS shown in FIG. 5, (b) is a plan view
in which a configuration formed on the main surface SSa has
been added to (a), and (c) is a plan view in which a
configuration formed on an upper surface of an insulating
layer 11 shown in FIG. 5 has been added to (b);

FIG. 7 is a plan view showing an enlargement of a region
B shown in FIG. 2;
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FIG. 8 is a plan view in which the configuration formed
on the upper surface of the insulating layer I1 shown in FIG.
5 has been removed from the plan view of FIG. 7;

FIG. 9 is a plan view in which a configuration formed on
an upper surface of an insulating layer 12 shown in FIG. 5§
has been added to the plan view of FIG. 8;

FIG. 10 is a plan view in which a configuration formed on
an upper surface of an insulating layer 13 shown in FIG. 5§
has been added to the plan view of FIG. 9;

FIG. 11 shows the configuration of an output circuit 93
internally provided in the memory chips 21-24 included in
a semiconductor device 10 according to a preferred second
mode of embodiment of the present invention, and periph-
eral circuits thereto;

FIG. 12 is a schematic view in cross section of the
memory chip 21 included in the semiconductor device 10
according to the second preferred mode of embodiment of
the present invention, corresponding to the line E-E in FIG.
18;

FIG. 13 is a plan view showing a configuration embedded
in the main surface SSa of a semiconductor substrate SS
shown in FIG. 12, in the vicinity of a front-surface micro-
bump MFB in the semiconductor device 10 according to the
preferred second mode of embodiment of the present inven-
tion;

FIG. 14 is a plan view in which a configuration formed on
the main surface SSa of the semiconductor substrate SS
shown in FIG. 12 has been added to the plan view of FIG.
13;

FIG. 15 is a plan view in which a configuration formed on
an upper surface of an insulating layer 11 shown in FIG. 12
has been added to the plan view of FIG. 14;

FIG. 16 is a plan view showing an enlargement of a region
of the semiconductor device 10 according to the preferred
second mode of embodiment of the present invention cor-
responding to the region B shown in FIG. 2;

FIG. 17 is a plan view in which a configuration formed on
an upper surface of an insulating layer 12 shown in FIG. 12
has been added to the plan view of FIG. 16;

FIG. 18 is a plan view in which a configuration formed on
an upper surface of an insulating layer 13 shown in FIG. 12
has been added to the plan view of FIG. 17; and

FIG. 19 (a) is a schematic view in cross section to
illustrate the structure of a semifinished article 10aA of a
semiconductor device 10qa according to a variant example of
a preferred mode of embodiment of the present invention,
and (b) is a schematic view in cross section to illustrate the
structure of the semiconductor device 10a.

MODE FOR IMPLEMENTING THE INVENTION

Preferred modes of embodiment of the present invention
will be described in detail below with reference to the
appended drawings.

As shown in FIG. 1(4), a semiconductor device 10
according to a first mode of embodiment of the present
invention has a configuration in which one control chip 30
and four memory chips 21-24 are stacked. The memory
chips 21-24 are all what are known as “wide-IO dynamic
random access memories” (DRAMs), and comprise main
surfaces 21F-24F and back surfaces 21B-24B, respectively.
It should be noted that the main surfaces 21F-24F constitute
the surfaces on the side on which various types of circuit
elements such as transistors (not depicted) are formed. The
memory chips 21-24 are stacked on the control chip 30 in a
state in which the main surfaces 21F-24F are facing the
control chip 30, i.e. in a facedown form.
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4

The memory chips 21-23 have the same configuration.
The description will focus on the memory chip 21; a
plurality of front-surface micro-bumps MFB (bump elec-
trodes) and a plurality of test pads TP are provided on the
main face 21F of the memory chip 21. Furthermore, a
plurality of back-surface micro-bumps MBB are provided
on the back surface 21B of the memory chip 21. A more
detailed description will be given later, but the front-surface
micro-bumps MFB and the back-surface micro-bumps MBB
are connected to one another by means of through-electrodes
TSV which pass through a semiconductor substrate (not
explicitly depicted in FIG. 1(b)) included in the memory
chip 21.

The back-surface micro-bumps MBB are joined to the
front-surface micro-bumps MFB of another adjacent
memory chip on the back-surface side, and an electrical
connection between adjacent memory chips is ensured as a
result. The front-surface micro-bumps MFB of the memory
chip 21 located in the bottommost layer are joined to
back-surface micro-bumps CBB (to be described later) of
the control chip 30. Various signals are sent and received
between the control chip 30 and the memory chips 21-24 via
these junctions.

The memory chip 24 located in the topmost layer differs
from the memory chips 21-23 in that it does not comprise
back-surface micro-bumps MBB or through-electrodes TSV,
but otherwise has the same configuration as the memory
chips 21-23. The difference will be described in detail below.

As described above, the memory chips 21-24 are stacked
on the control chip 30 in a facedown form. The through-
electrodes TSV and the back-surface micro-bumps MBB are
therefore used solely for relaying signals applied to memory
chips in layers above, and there is no need to provide the
through-electrodes TSV and the back-surface micro-bumps
MBB on the memory chip 24 located in the topmost layer.
Meanwhile, it is possible to reduce the thickness of the
memory chip 24 in comparison with the other memory chips
21-23 by not providing the through-electrodes TSV. If the
memory chip 24 is thicker, it is possible to curb chip
deformation caused by thermal stress (thermal stress mainly
generated during stacking of the memory chips 21-24) when
the semiconductor device 10 is manufactured, so although
there is a difference in the chip manufacturing processes for
the memory chips 21-23 and the memory chip 24 in the
semiconductor device 10 according to this mode of embodi-
ment, the back-surface micro-bumps MBB and the through-
electrodes TSV are not provided in the memory chip 24, as
mentioned above. However, it is also possible to employ, as
the memory chip 24, a chip having the through-electrodes
TSV and back-surface micro-bumps MBB in the same way
as the memory chips 21-23.

The control chip 30 is a semiconductor chip (SOC) for
controlling operations of the memory chips 21-24, and is
mounted in a facedown form on a circuit board 40. That is
to say, the control chip 30 is mounted on the circuit board 40
in such a way that a main surface 30F which is the surface
on the side on which various circuit elements are formed
faces the circuit board 40 side and a back surface 30B faces
the memory chip 21-24 side.

A plurality of front-surface micro-bumps CFB are formed
on the main surface 30F of the control chip 30 and a plurality
of back-surface micro-bumps CBB are formed on the back
surface 30B of the control chip 30. The front-surface micro-
bumps CFB are joined to board electrodes 41 provided on
the circuit board 40. Meanwhile, the back-surface micro-
bumps CBB are joined to the front-surface micro-bumps
MFB provided on the bottommost memory chip 21, as
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indicated above. Internal circuits provided in the memory
chip 30 are connected to the front-surface micro-bumps CFB
through wiring which is not depicted, and are also connected
to the back-surface micro-bumps CBB by way of through-
electrodes TSV provided running through the control chip
30.

The circuit board 40 has a structure in which the board
electrodes 41 are provided on an upper surface while exter-
nal terminals 42 are provided on a lower surface. The control
chip 30 is mounted on the upper surface of the circuit board
40, as indicated above. The board electrodes 41 and the
external terminals 42 are connected to one another by way
of through-hole conductors (not depicted) running through
the circuit board 40. Furthermore, a sealing resin 43 that
covers the memory chips 21-24 and the control chip 30 is
provided on the upper surface of the board electrodes 41.

The external terminals 42 are used when the control chip
30 inputs/outputs various signals (address signals, command
signals, clock signals, data and the like) with another device
or the like which is not depicted. Specifically, when mounted
on a motherboard, the semiconductor device 10 is connected
to various types of analog chip such as a sensor or a
nonvolatile memory, and to various types of input/output
interfaces. The control chip 30 stores, in the memory chips
21-24, data signals which it has generated itself in accor-
dance with various signals from the other devices, by way of
the back-surface micro-bumps CBB and the front-surface
micro-bumps MFB etc. Furthermore, the control chip 30
generates signals which are supplied to the other devices
etc., in accordance with data supplied from the memory
chips 21-24 by way of the back-surface micro-bumps CBB
and the front-surface micro-bumps MFB etc.

In the process of manufacturing the semiconductor device
10, a semifinished article 10A shown in FIG. 1(a) is pref-
erably prepared, and this is preferably connected to the
control chip 30 and to the circuit board 40. As shown in FIG.
1(a), the semifinished article 10A comprises the memory
chips 21-24 and the sealing resin 43 that covers the surfaces
thereof, excluding the main surface 21F of the memory chip
21. However, it is not essential to use the semifinished article
10A, and it is equally possible, for example, to mount the
control chip 30 and the memory chips 21-24 on the circuit
board 40 and then to seal the chips 21-24 and 30 by means
of the sealing resin 43. When the semifinished article 10A is
used, the control chip 30 to which it is to be connected may
be varied according to the specification or application, so
this allows greater versatility.

As illustrated in FIG. 2, four channels ChA-ChD disposed
in the form of a matrix in the X-direction and the Y-direction
are provided on the main surfaces 21F-24F of the memory
chips 21-24. The channels ChA-ChD are circuit blocks that
can operate as individual DRAMs, and therefore the
memory chips 21-24 have a configuration in which four
independent DRAMs are rendered as a single chip.

As indicated above, a plurality of the front-surface micro-
bumps MFB are provided on the main surfaces 21F-24F. The
front-surface micro-bumps MFB correspond to the respec-
tive channels ChA-ChD, and in FIG. 2 the front-surface
micro-bumps MFB corresponding to the channels ChA-ChD
are denoted by the respective front-surface micro-bumps
MFBa-MFBd. There are a very large number, e.g. 128, of
front-surface micro-bumps MFB used for data allocated to
the channels ChA-ChD, and a large number of front-surface
micro-bumps MFB for power supply etc. are also required
for each channel, so around 300 front-surface micro-bumps
MEFB are provided for each channel ChA-ChD, for example.
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More than 1000 front-surface micro-bumps MFB are there-
fore used in the chip as a whole.

Test terminals which are known as direct access terminals
are also included among the front-surface micro-bumps
MFB. However, the front-surface micro-bumps MFB are
extremely small in size so it is difficult to make tester probes
come into contact with the direct access terminals. For this
reason, test pads TP allowing tester probes to make contact
are allocated to each direct access terminal. The test pads TP
have a larger planar size than the front-surface micro-bumps
MFB and allow the tester probes to make contact as a result.
When the memory chips 21-24 are subjected to a working
test at the stage in FIG. 1(a) (before stacking) or the stage
in a wafer state, various types of signals are sent/received
between the tester and the memory chips 21-24 through the
test pads TP. On the other hand, when the memory chips
21-24 are subjected to a working test at the stage in FIG. 1(54)
(after stacking), various types of signals are sent/received
between the tester and the memory chips 21-24 via the
control chip 30.

The through-electrodes TSV formed in the memory chips
21-23 may be categorized into a number of types depending
on the mode of connection with the internal circuits and the
through-electrodes TSV of another adjacent memory chip.
The through-electrodes TSV1, TSV2 shown in FIGS. 3(a)
and (b) are one example of a type of through-electrode TSV.

The through-electrodes TSV1 shown in FIG. 3(a) are
short-circuited with through-electrodes TSV1 in another
layer provided in the same planar position in a plan view
seen from the stacking direction, i.e. when seen from the
arrow A shown in FIG. 1. That is to say, as shown in FIG.
3(a), the through-electrodes TSV1 provided in the same
vertical position in plan view are short-circuited and one
signal path is formed by these through-electrodes TSV1. The
signal path is connected to respective internal circuits 2 of
the memory chips 21-24. Input signals (command signals,
address signals, clock signals, write data and the like)
supplied to the signal path from the control chip 30 are
therefore input in common to the internal circuits 2 of the
memory chips 21-24. Furthermore, output signals (read data
and the like) supplied to the signal path from the internal
circuits 2 of the memory chips 21-24 are subjected to
wired-OR and output to the control chip 30.

Meanwhile, the through-electrodes TSV2 shown in FIG.
3(b) are short-circuited with the through-electrodes TSV2 of
other memory chips provided in different positions in plan
view. To describe this in specific terms, four through-
electrodes TSV2 are provided in the same position in plan
view in the memory chips 21-23, and the N# (N=1-3)
through-electrode TSV2 provided in a lower-layer memory
chip is connected to the N+1% through-electrode TSV2
provided in an upper-layer memory chip. The fourth
through-electrode TSV2 provided in the lower-layer
memory chip (the through-electrode TSV2 furthest to the
right in FIG. 3(b)) is connected to the first through-electrode
TSV2 provided in the upper-layer memory chip (the
through-electrode TSV2 furthest to the left in FIG. 3(54)).
Four independent signal paths are formed by this kind of
cyclic connection.

Out of the four through-electrodes TSV2, a through-
electrode TSV2 provided in a predetermined position (the
through-electrode TSV2 furthest to the left in FIG. 3(b)) is
connected to an internal circuit 3 inside the memory chips
21-23. Furthermore, the internal circuit 3 included in the
memory chip 24 of the topmost layer is connected to the
through-electrode TSV2 furthest to the right included in the
memory chip 23.
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By virtue of this configuration, signals S1-S4 shown in
FIG. 3(b) are selectively input to the internal circuits 3 of the
respective memory chips 21-24. Examples of these signals
which may be cited include a chip select signal CS and a
clock enable signal CLK.

The memory chips 21-24 each internally comprise an
electrostatic discharge protection circuit 61 illustrated in
FIG. 4. The electrostatic discharge protection circuit 61 has
the role of releasing, to a power supply line, static electricity
supplied inside the chip through the front-surface micro-
bumps MFB and is provided for each front-surface micro-
bump MFB. In this mode of embodiment, the electrostatic
discharge protection circuit 61 is disposed within a bump
electrode placement region so the size of the memory chips
21-24 can be reduced as a result. The configuration of the
electrostatic discharge protection circuit 61 will be described
in detail below focusing on the memory chip 21, but the
same also applies to the memory chips 22-24.

As shown in FIG. 4, the electrostatic discharge protection
circuit 61 is formed by an N-channel-type MOS transistor 62
(first transistor) which is diode-connected. One end of the
transistor 62 is connected to wiring 80 connecting an inter-
nal circuit 60 and a node n which is a memory chip-side end
of the front-surface micro-bumps MFB. Meanwhile, another
end of the transistor 62 is connected to power supply wiring
81 (first power supply line) which is supplied with a ground
potential VSS. The forward direction of the transistor 62
runs from the power supply wiring 81 toward the wiring 80.
The potential level of the wiring 80 is normally equal to or
slightly greater than the potential level of the power source
wiring 81, so current does not flow through the transistor 62.
Meanwhile, if a large current is supplied to the wiring 80 due
to electrostatic discharge or the like, the potential level of the
wiring 80 becomes far higher than the potential level of the
power supply wiring 81 so a breakdown current flows to the
transistor 62. As a result, the large current supplied to the
wiring 80 can be released to the power supply wiring 81 and
therefore it is possible to protect the internal circuit 60 from
electrostatic discharge by virtue of the electrostatic dis-
charge protection circuit 61.

It should be noted that the configuration above the node
n in FIG. 4 (the through-electrode TSV and the back-surface
micro-bump MBB) is not provided in the memory chip 24.
The configuration of the memory chip 24 is otherwise the
same as that of the memory chip 21.

The memory chip 21 according to this mode of embodi-
ment comprises a semiconductor substrate SS, and insulat-
ing layers 11-14 stacked in succession on a main surface SSa
thereof, as shown in FIG. 5. The semiconductor substrate SS
is a P-channel-type silicon substrate. An element-isolation
insulating film IS is embedded in the main surface SSa, and
as a result the main surface SSa is divided into an active
region K1 in which the transistor 62 is formed and an active
region K2 in which the through-electrode TSV is formed.
The active regions K1 and K2 are both P-channel-type
regions.

As shown in FIG. 5, the through-electrode TSV is pro-
vided running through the semiconductor substrate SS and
the insulating layer I1. The back-surface micro-bump MBB
is provided at an end of the through-electrode TSV on the
back-surface side of the semiconductor substrate SS, i.e. on
a back surface 21B side of the memory chip 21. An
insulating film 70 is provided between the semiconductor
substrate SS and the through-electrode TSV and back-
surface micro-bump MBB, respectively, and this ensures
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8
isolation of the semiconductor substrate SS with the
through-electrode TSV and back-surface micro-bump MBB,
respectively.

An end of the through-electrode TSV on the main surface
SSa side is connected to wiring 71 formed on the surface of
the insulating layer I1. The wiring 71 is provided for each
through-electrode TSV and is connected to wiring 73 formed
on the surface of the insulating layer 12, with the interpo-
sition of through-hole conductors 72 running through the
insulating layer 12. The wiring 73 is also provided for each
through-electrode TSV and is connected to wiring 75 formed
on the surface of the insulating layer 13, with the interpo-
sition of a plurality of through-hole conductors 74 running
through the insulating layer 13. The wiring 75 is also
provided for each through-electrode TSV and is connected
to the front-surface micro-bump MFB formed on the surface
of the insulating layer 14, i.e. to the main surface 21F of the
memory chip 21, with the interposition of a plurality of
through-hole conductors 76 running through the insulating
layer 14. The back-surface micro-bump MBB and the front-
surface micro-bump MFB are thus electrically connected by
way of the through-electrode TSV.

It should be noted that the example shown in FIG. §
relates to a case in which the through-electrode TSV is the
through-electrode TSV1 shown in FIG. 3(a), but the basic
structure is still the same for other types of through-elec-
trodes TSV. For the through-electrode TSV2 shown in FIG.
3(b), the wiring 71 and/or 73 extends so as to produce the
connections shown in FIG. 3(b).

Furthermore, FIG. 5 shows an example of the memory
chip 21, but the configuration from the through-hole con-
ductors 72 to the back-surface micro-bump MBB is absent
from the memory chip 24 which is lacking the through-
electrode TSV. In this case, there is no need to provide the
active region K2 either and therefore various types of
transistors including the transistor 62 can be disposed in a
region lying over the front-surface micro-bump MFB as
viewed in a plane.

The active region K1 in which the transistor 62 is formed
is disposed between the active regions K2 in which the
through-electrode TSV is formed, as shown in FIG. 5. The
structure of the transistor 62 will be described in detail
below with reference to FIG. 6(a)-(c), in addition to FIG. 5.

As shown in FIG. 6(a), diffusion layers 62D1, 62D2 (first
and second diffusion layers) constituting the source/drain,
respectively, of the transistor 62 are formed within the active
region K1. The diffusion layers 62D1, 62D2 are N-channel-
type impurity diffusion layers formed by ion-implantation of
N-channel-type impurity in the semiconductor substrate SS.
One diffusion layer 62D2 is provided on both sides of the
diffusion layer 62D1. The surface of the semiconductor
substrate SS is exposed (in two locations) between the
diffusion layer 62D1 and the diffusion layer 62D2, and a gate
electrode 62G (first gate electrode) of the transistor 62 is
formed on the upper surface of the exposed area with a gate
insulating film 621 (see FIG. 5) interposed, as shown in FIG.
6(b). The gate electrode 62G extends outside of the active
region K1.

As shown in FIG. 6(c), wiring 63, 64 is further formed
above the transistor 62. The wiring 63 and the wiring 64 are
both wiring formed on the upper surface of the insulating
layer 11 shown in FIG. 5. The wiring 63 extends in such a
way as to lie over the diffusion layer 62D2 and a portion of
the gate electrode 62G formed in the active region K1, when
seen in a plane, as will be understood from FIGS. 6(b) and
(¢). The wiring 63 is then electrically connected to the
diffusion layer 62D2 by means of a through-hole conductor
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TH1 running through the insulating layer 11, while also
being electrically connected to the gate electrode 62G by
means of a through-hole conductor TH2 running through the
insulating layer I1. The diffusion layer 62D2 and the gate
electrode 62G are therefore short-circuited by way of the
wiring 63 and as a result the diode-connection shown in FIG.
4 is achieved. Meanwhile, the wiring 64 extends to a
position lying over the diffusion layer 62D1, when seen in
a plane, and is connected to the diffusion layer 62D1 by
means of a through-hole conductor TH3 running through the
insulating layer I1.

The planar positional relationship of the front-surface
micro-bumps MFB and the transistor 62 will be described
next. The following description will focus on the region B
shown in FIG. 2 but the same also applies to other regions.

FIG. 7-FIG. 10 are transparent diagrams seen from the
main surface 21F side, showing the configuration provided
within the region B. As shown in FIG. 7, the plurality of
front-surface micro-bumps MFB formed on the main surface
21F are disposed in the form of a matrix in a bump electrode
placement region BA disposed adjacent to the channel ChA.
The Y-direction pitch (first pitch) and X-direction pitch (first
pitch) between the front-surface micro-bumps MFB are P1,
P2, as will be understood from FIG. 8. The description will
now focus on nine front-surface micro-bumps MFB,-MFB,
(first to ninth bump electrodes) shown in the same drawing.

As shown in FIG. 7, the front-surface micro-bumps
MFB, -MFB;, are arranged in a 3x3 matrix. The front-surface
micro-bump MFB, is disposed in the center of the 3x3
matrix. The front-surface micro-bumps MFB, and MFB; are
disposed on both sides in the Y-direction (first direction) of
the front-surface micro-bump MFB,. The front-surface
micro-bumps MFB,-MFB; are therefore disposed in a row
along the Y-direction. The front-surface micro-bumps MFB,,
and MFB, are disposed on both sides in the X-direction
(second direction intersecting the first direction) of the
front-surface micro-bump MFB,. The front-surface micro-
bumps MFB,, MFB, and MFB, are therefore disposed in a
row along the X-direction.

The front-surface micro-bumps MFBs and MFB; are
disposed on both sides in the X-direction of the front-surface
micro-bump MFB,. Furthermore, the front-surface micro-
bumps MFB, and MFB, are disposed on both sides in the
X-direction of the front-surface micro-bump MFB;. The
front-surface micro-bumps MFB and MFBg are disposed in
a row along the Y-direction together with the front-surface
micro-bump MFB,. Furthermore, the front-surface micro-
bumps MFB; and MFB, are disposed in a row along the
Y-direction together with the front-surface micro-bump
MFB,.

As also mentioned above, a transistor 62 is provided for
each front-surface micro-bump MFB. FIG. 7 does not show
the transistor 62 itself, but as will be understood from FIG.
6(c), the transistor 62 is present in a region directly below
the wiring 63 and the wiring 64. FIG. 7 depicts only
reference symbols, with the transistors 62 corresponding to
the front-surface micro-bumps MFB,-MFB, being denoted
transistors 62,-62, (first to ninth transistors).

As will be understood from FIG. 8, the transistors 62 are
disposed in such a way that the planar centers thereof are
located at positions separated by L1 (first distance) in the
Y-direction and separated by L2 (second distance) in the
X-direction, when seen from the planar centers of the
corresponding front-surface micro-bumps MFB. However,
L1 is smaller than P1, and L2 is smaller than P2. As a result,
the region in which the transistor 62, is disposed is a region
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between the front-surface micro-bumps MFB,-MFB, and
the front-surface micro-bumps MFB.-MFB,, as shown in
FIG. 8.

The wiring 64 is connected to the wiring 80 also shown
in FIG. 4 by way of a through-hole conductor TH4, as will
be understood from FIG. 8 and FIG. 9. The through-hole
conductor TH4 is a cylindrical conductor running through
the insulating layer 12 shown in FIG. 5. The wiring 80 is
provided for each front-surface micro-bump MFB and is
formed on the upper surface of the insulating layer 12 shown
in FIG. 5. As shown in FIG. 4, one end of the wiring 80 is
connected to the internal circuit 60 inside the channel ChA,
while the other end is connected to the wiring 73 connected
to the corresponding front-surface micro-bump MFB. As
shown in FIG. 5, the wiring 73 is connected to the corre-
sponding front-surface micro-bump MFB by way of the
through-hole conductor 74 running through the insulating
layer 13. The wiring 64 and the corresponding front-surface
micro-bump MFB are therefore connected to each other by
way of the wiring 80, the wiring 73 and the through-hole
conductor 74. Furthermore, the wiring 64 is connected to the
diffusion layer 62D1 of the transistor 62 by way of the
through-hole conductor TH3, as was described with refer-
ence to FIGS. 6(b) and (c¢). The diffusion layer 62D1 is
therefore electrically connected to the corresponding front-
surface micro-bump MFB.

The wiring 63 is connected to the power supply wiring 81
by way of a through-hole conductor TH5, power supply
wiring 82 and a through-hole conductor TH6, as will be
understood from FIG. 8 to FIG. 10. The through-hole
conductors TH5-TH6 are cylindrical conductors running
through the insulating layers 12, 13 shown in FIG. 5, and the
power supply wiring 82 is formed on the upper surface of the
insulating layer 12. The power supply wiring 81 is supplied
with a ground potential VSS, as shown in FIG. 4, and is
formed on the upper surface of the insulating layer I3 shown
in FIG. 5. Furthermore, the wiring 63 is connected to the
diffusion layer 62D2 and the gate electrode 62G of the
transistor 62 by way of the through-hole conductors TH1,
TH2, as was described with reference to FIGS. 6(b) and (c).
The diffusion layer 62D2 and the gate electrode 62G are
therefore electrically connected to the power supply wiring
81.

The connection relationship of the above will be
described in relation to transistors 62, shown in FIG. 7 (k is
an integer from 1 to 9). The diffusion layer 62D1 ((2k-1)*
diffusion layer) of the transistors 62, is connected to the
corresponding front-surface micro-bump MFB,. The front-
surface micro-bump MFB, is connected to the external
terminal 42 and also to the front-surface micro-bump MFB
provided in the memory chip of a layer above, via the
through-electrode TSV (k” through-electrode). Further-
more, the diffusion layer 62D2 ((2k)* diffusion layer) of the
transistors 62, and the gate electrode 62G (k” gate electrode)
are connected in common to the power supply wiring 81.

As described above, the semiconductor device 10 accord-
ing to this mode of embodiment makes it possible for the
electrostatic discharge protection circuit 61 (transistor 62) of
each front-surface micro-bump MFB shown in FIG. 4 to be
disposed within the bump electrode placement region BA.
This means that there is no need for a region for placing the
electrostatic discharge protection circuit 61 to be provided
outside the bump electrode placement region BA, so the
surface area can be utilized more efficiently and a more
compact semiconductor device can be achieved.

A semiconductor device 10 according to a second mode of
embodiment of the present invention will be described next.
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The semiconductor device 10 according to this mode of
embodiment differs from the semiconductor device 10
according to the first mode of embodiment in that a read data
output circuit is disposed within the bump electrode place-
ment region BA instead of the electrostatic discharge pro-
tection circuit 61. The semiconductor device 10 according to
this mode of embodiment is otherwise the same as the
semiconductor device 10 according to the first mode of
embodiment, so the following description will focus on the
difference. The description will focus on the memory chip
21 in the same way as the first mode of embodiment, but the
same also applies to the memory chips 22-24.

As shown in FIG. 11, a read data output circuit 93
comprises: an N-channel-type (first conduction type) MOS
transistor 94 (first transistor) and a P-channel-type (second
conduction type) MOS transistor 95 (second transistor). The
transistors 94, 95 are connected in series between power
supply wiring 81 (first power supply line) which is supplied
with a ground potential VSS, and power supply wiring 82
(second power supply line) which is supplied with a power
supply potential VDD. Contacts of the transistors 94, 95
constitute output ends of the output circuit 93, said contacts
being connected to a node n constituting a memory chip-side
end of the front-surface micro-bump MFB. The node n is
also connected to an input end of an internal circuit 90 via
wiring 83. Furthermore, the node n is also connected to a
through-electrode TSV, as shown in FIG. 11, but only in the
memory chips 21-23.

A gate electrode (first gate electrode) of the transistor 94
constitutes one input end of the output circuit 93 and is
connected to an output end of a NOR circuit 91 included in
the internal circuit 90. Furthermore, a gate electrode (second
gate electrode) of the transistor 95 constitutes another input
end of the output circuit 93 and is connected to an output end
of a NAND circuit 92 included in the internal circuit 90. A
potential expressing read data RD (output data) to be output
from the NOR circuit 91 and the NAND circuit 92 via the
corresponding front-surface micro-bump MFB (first bump
electrode) is supplied to the respective gate electrodes of the
transistors 94, 95.

To describe this in specific terms, the read data RD is
supplied to one input end of the NOR circuit 91 and the
NAND circuit 92, respectively, from a reading-related cir-
cuit which is not depicted. The reading-related circuit also
generates a control signal S and an inverse signal of the
control signal S is input to another input end of the NOR
circuit 91 while the control signal S is input to another input
end of the NAND circuit 92. The control signal S is a low
active signal which is activated to a low level when the read
data RD is not output. When the control signal S is at a low
level, the outputs of the NOR circuit 91 and the NAND
circuit 92 are fixed at a low level and a high level, respec-
tively, and therefore the transistors 94, 95 are both OFF. The
output circuit 93 is therefore in a high impedance state. On
the other hand, when the control signal S is at a high level,
a potential commensurate with the potential level of the read
data RD is expressed at the output end of the output circuit
93. Specifically, when the read data RD is at a high level, the
potential level at the output end of the output circuit 93
assumes the power supply potential VDD as a result of the
transistor 95 being ON, and when the read data RD is at a
low level, the potential level at the output end of the output
circuit 93 assumes the ground potential VSS as a result of
the transistor 94 being ON. The output of the output circuit
93 obtained in this way is output from the external terminal
42 via the front-surface micro-bump MFB as output data of
the memory chip 21.
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It should be noted that the external terminal 42 and the
front-surface micro-bump MFB to which the output circuit
93 is connected are used for inputting write data WD. The
write data WD is supplied from an external controller to the
external terminal 42, and then supplied to the internal circuit
90 via the front-surface micro-bump MFB and the wiring 83.

As shown in FIG. 12, the memory chip 21 according to
this mode of embodiment comprises a semiconductor sub-
strate SS and insulating layers I1-15 stacked in succession on
a main surface SSa thereof. The insulating layer I5 is
provided between the insulating layer 11 and the semicon-
ductor substrate SS. The specific layer structure is the same
as that of the memory chip 21 according to the first mode of
embodiment, but differs from the memory chip 21 according
to the first mode of embodiment in that the insulating layers
have a five-layer structure (the memory chip 21 according to
the first mode of embodiment has a four-layer structure).
However, the memory chip 21 according to the first mode of
embodiment may equally be endowed with a five-layer
structure by providing the insulating layer I5.

The main surface SSa of the semiconductor substrate SS
is divided, by means of an element-isolation insulating film
IS embedded in the main surface SSa, into: an active region
K3 (first active region) in which the transistor 94 is formed,
an active region K4 (second active region) in which the
transistor 95 is formed, and an active region K2 in which the
through-electrode TSV is formed. The active regions K2, K3
are P-channel-type regions, and the active region K4 is an
N-channel-type region (N-well) which is formed by ion-
implantation of N-channel-type impurity in the semiconduc-
tor substrate SS which is a P-channel-type silicon substrate.

The configuration relating to the through-electrode TSV
differs from that described with reference to FIG. 5 in terms
of the portion relating to the insulating layer I5. This
difference will be described below. An end of the through-
electrode TSV on the main surface SSa side is connected to
wiring 54 formed on the surface of the insulating layer I1.
The wiring 54 is connected to wiring 71 formed on the
surface of the insulating layer 15 by way of a plurality of
through-hole conductors 77 running through the insulating
layer 15. The wiring 71 is connected to the front-surface
micro-bump MFB by way of the through-hole conductors
72, 74, as described with reference to FIG. 5.

As shown in FIG. 13, the active regions K3, K4 are
provided on either side of the active region K2 in the
X-direction. It should be noted that the region defined by the
single-dot chain line D shown in FIG. 13-FIG. 18 illustrates
a region corresponding to one front-surface micro-bump
MEFB. The active regions K3, K4 each have a shape which
is long in the Y-direction with both ends in the Y-direction
expanding toward the active region K2. This type of shape
is used in order to maintain distance between the active
regions K3, K4 and the active region K2, while also ensuring
that the surface area of the active regions K3, K4 is as large
as possible.

A plurality of respective diffusion layers 94D1, 94D2, 96
are formed inside the active region K3. The diffusion layers
94D1, 94D2, 96 are all N-channel-type impurity diffusion
layers formed by ion-implantation of N-channel-type impu-
rity in the semiconductor substrate SS. The diffusion layers
94D1, 94D2 constitute the source/drain, respectively, of the
transistor 94. Meanwhile, the diffusion layer 96 is provided
in order to supply the ground potential VSS to the active
region K3.

As shown in FIG. 13, a plurality of respective diffusion
layers 95D1, 95D2, 97 are likewise formed inside the active
region K4. The diffusion layers 95D1, 95D2, 97 are all
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P-type impurity diffusion layers formed by ion-implantation
of P-channel-type impurity in an N-well. The diffusion
layers 95D1, 95D2 constitute the source/drain, respectively,
of the transistor 95. Meanwhile, the diffusion layer 97 is
provided in order to supply the power supply potential VDD
to the active region K4.

As shown in FIG. 13, the diffusion layers 94D1, 94D2, 96,
95D1, 95D2, 97 have a rectangular shape which is elongate
in the X-direction. One diffusion layer 96 is provided at each
end of the active region K3. Meanwhile, a plurality of the
diffusion layers 94D1, 94D2 (first and second diffusion
layers) are alternately arranged in the Y-direction, with the
diffusion layer 94D2 lying at both ends. One diffusion layer
97 is likewise provided at each end of the active region K4.
Meanwhile, a plurality of the diffusion layers 95D1, 95D2
(third and fourth diffusion layers) are alternately arranged in
the Y-direction, with the diffusion layer 95D2 lying at both
ends.

As shown in FIG. 14, a comb-shaped gate electrode 94G
is disposed above the active region K3 with the interposition
of a gate insulating film 941 (see FIG. 12). This gate
electrode 94G constitutes a gate electrode (first gate elec-
trode) of the transistor 94. The surface of the semiconductor
substrate SS is exposed between the diffusion layer 94D1
and the diffusion layer 94D2, and portions of the gate
electrode 94G corresponding to the teeth of the comb are
arranged in such a way as to cover the exposed areas. The
portion of the gate electrode 94G corresponding to the shaft
of the comb is disposed between the active region K3 and
the active region K2. A comb-shaped gate electrode 95G is
likewise disposed above the active region K4. This gate
electrode 95G constitutes a gate electrode (second gate
electrode) of the transistor 95. The surface of the semicon-
ductor substrate SS is exposed between the diffusion layer
95D1 and the diffusion layer 95D2, and portions of the gate
electrode 95G corresponding to the teeth of the comb are
arranged in such a way as to cover the exposed areas. The
portion of the gate electrode 95G corresponding to the shaft
of the comb is disposed between the active region K4 and
the active region K2.

The gate electrode 94G is connected to wiring 50a and
wiring 505 formed on the upper surface of the insulating
layer 11, as shown in FIG. 15, with the interposition of a
through-hole conductor TH13 running through the insulat-
ing layer I1 shown in FIG. 12. The wiring 50q and the wiring
506 are provided at either end of the gate electrode 94G in
the Y-direction. Furthermore, the wiring 50a and the wiring
505 are connected to wiring 554 and wiring 554, respec-
tively, formed on the upper surface of the insulating layer 15
with the interposition of through-hole conductors TH20a,
TH206 running through the insulating layer 15 (FIG. 16),
and the wiring 55a and the wiring 554 are each further
connected to wiring 84 formed on the upper surface of the
insulating layer 12 with the interposition of through-hole
conductors TH25q, TH25b running through the insulating
layer 12 (FIG. 17). As shown in FIG. 11, the wiring 84 is
connected to an output of the NOR circuit 91 within the
internal circuit 90. The output of the NOR circuit 91 is
therefore supplied to the gate electrode 94G.

The gate electrode 95G is connected to wiring 524 and
wiring 52b formed on the upper surface of the insulating
layer 11, as shown in FIG. 15, with the interposition of a
through-hole conductor TH18 running through the insulat-
ing layer I1 shown in FIG. 12. The wiring 52q and the wiring
52b are provided at either end of the gate electrode 95G in
the Y-direction. The wiring 52a and the wiring 525 are
connected to wiring 57a and wiring 57b, respectively,
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formed on the upper surface of the insulating layer I5 with
the interposition of through-hole conductors TH22a, TH22b
running through the insulating layer 15 (FIG. 16), and the
wiring 57a and the wiring 575 are each further connected to
wiring 85 formed on the upper surface of the insulating layer
12 with the interposition of through-hole conductors TH27a,
TH27b running through the insulating layer 12 (FIG. 17). As
shown in FIG. 11, the wiring 85 is connected to an output of
the NAND circuit 92 within the internal circuit 90. The
output of the NAND circuit 92 is therefore supplied to the
gate electrode 95G.

As shown in FIG. 15, wiring 51 and the wiring 54 are
disposed above the active region K3. The wiring 54 is also
disposed above the active regions K2, K4. Wiring 53 is also
disposed above the active region K4.

The wiring 51 is connected to the diffusion layers 94D2,
96 with the interposition of through-hole conductors TH11,
TH14 running through the insulating layer 11 shown in FIG.
12 (FIG. 15), and is also connected to wiring 56 formed on
the upper surface of the insulating layer I5 with the inter-
position of a through-hole conductor TH21 running through
the insulating layer 15 (FIG. 16). The wiring 56 is further
connected to the power supply wiring 81 formed on the
upper surface of the insulating layer 12, with the interposi-
tion of a through-hole conductor TH26 running through the
insulating layer 12 (FIG. 17). The ground potential VSS is
supplied to the power supply wiring 81, as shown in FIG. 11.
The ground potential VSS is therefore supplied to the
diffusion layers 94D2, 96.

The wiring 53 is connected to the diffusion layers 95D2,
97 with the interposition of through-hole conductors TH16,
TH19 running through the insulating layer 11 shown in FIG.
12 (FIG. 15), and is also connected to wiring 58 formed on
the upper surface of the insulating layer I5 with the inter-
position of a through-hole conductor TH23 running through
the insulating layer 15 (FIG. 16). The wiring 58 is further
connected to the power supply wiring 82 formed on the
upper surface of the insulating layer 12, with the interposi-
tion of a through-hole conductor TH28 running through the
insulating layer 12 (FIG. 17). The power supply potential
VDD is supplied to the power supply wiring 82, as shown
in FIG. 11. The power supply potential VDD is therefore
supplied to the diffusion layers 95D2, 97.

As shown in FIG. 15, the wiring 54 is connected to the
diffusion layer 94D1 with the interposition of a through-hole
conductor TH12 running through the insulating layer I1
shown in FIG. 12, and is also connected to the diffusion
layer 95D1 with the interposition of a through-hole conduc-
tor TH17 running through the insulating layer I1. Further-
more, the wiring 54 is connected to the through-electrode
TSV and the front-surface micro-bump MFB, as described
above (FIG. 12). The diffusion layers 94D1, 95D1 are
therefore connected to the front-surface micro-bump MFB,
as shown in FIG. 11.

In addition, the wiring 83 for the write data WD shown in
FIG. 11 is formed on the upper surface of the insulating layer
13, as shown in FIG. 12 and FIG. 18, and is connected to the
corresponding front-surface micro-bump MFB with the
interposition of the wiring 75. The write data WD supplied
to the front-surface micro-bump MFB can therefore be
acquired by the internal circuit 90 via the wiring 83.

The planar arrangement of the transistors 94, 95 corre-
sponding to the plurality of front-surface micro-bumps MFB
will be described next. The following description will focus
on the front-surface micro-bumps MFB,-MFB, (first to
ninth bump electrodes) shown in FIG. 16. It should be noted
that the reference symbols indicated in FIG. 16 denote the
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front-surface micro-bumps MFB directly above the corre-
sponding wiring 71. The front-surface micro-bumps MFB, -
MFB;, are the same as the front-surface micro-bumps MFB, -
MFB, (FIG. 7) described in the first mode of embodiment.

The relative positional relationship of the front-surface
micro-bumps MFB,-MFB; is as described in the first mode
of embodiment. In this mode of embodiment, the front-
surface micro-bump MFB, (k is an integer from 1 to 9)
corresponds to the transistor 94, ((2k—1)" transistor) and the
transistor 95, ((2k)* transistor).

As shown in FIG. 16, the transistors 95,, 95, are disposed
in a region between the front-surface micro-bumps MFB,
and MFB,,. Likewise, the transistors 95,, 95 are disposed in
a region between the front-surface micro-bumps MFB, and
MFB,, the transistors 95;, 95, are disposed in a region
between the front-surface micro-bumps MFB; and MFB,
the transistors 94, 94, are disposed in a region between the
front-surface micro-bumps MFB,; and MFB,, the transistors
94,, 94, are disposed in a region between the front-surface
micro-bumps MFB, and MFBy, and the transistors 94, 94,
are disposed in a region between the front-surface micro-
bumps MFB; and MFB,. In addition, the transistor 94, is
disposed on the opposite side of the front-surface micro-
bump MFB, to the transistor 95,, the transistor 945 is
disposed on the opposite side of the front-surface micro-
bump MFB; to the transistor 95, the transistor 94, is
disposed on the opposite side of the front-surface micro-
bump MFB, to the transistor 95, the transistor 95, is
disposed on the opposite side of the front-surface micro-
bump MFB, to the transistor 94, the transistor 95, is
disposed on the opposite side of the front-surface micro-
bump MFBq to the transistor 94, and the transistor 95, is
disposed on the opposite side of the front-surface micro-
bump MFB;, to the transistor 94

As will be understood from the abovementioned arrange-
ment, the transistors 94, 95 have an opposite arrangement on
the left/right between front-surface micro-bumps MFB
which are adjacent in the Y-direction. In this way it is
possible for the wiring 56 (FIG. 16) and power supply
wiring 81 (FIG. 17) for supplying the ground potential VSS,
and the wiring 58 (FIG. 16) and the power supply wiring 82
(FIG. 16) for supplying the power supply potential VDD, to
be shared between front-surface micro-bumps MFB which
are adjacent in the X-direction. Moreover, as will be under-
stood from FIG. 16 and FIG. 17, the wiring 56, wiring 58,
wiring 81 and wiring 82 are connected in a shared manner
between front-surface micro-bumps MFB which are adja-
cent in the Y-direction.

The abovementioned connection relationship will be
described for the front-surface micro-bumps MFB,-MFB,,.
The diffusion layer 94D1 ((4k-3)" diffusion layer) of the
transistor 94, and the diffusion layer 95D1 ((4k-1)" diffu-
sion layer) of the transistor 95, are connected to the corre-
sponding front-surface micro-bumps MFB,. Furthermore,
the diffusion layer 94D2 ((4k-2)* diffusion layer) of the
transistor 94, is connected, together with the diffusion layer
96, to the power supply wiring 81 (FIG. 17) to which the
ground potential VSS is supplied, and the diffusion layer
95D2 ((4k)” diffusion layer) of the transistors 95, is con-
nected, together with the diffusion layer 97, to the power
supply wiring 82 (FIG. 17) to which the power supply
potential VDD is supplied.

As described above, by virtue of the configuration of the
semiconductor device 10 according to this mode of embodi-
ment, the output circuit 93 (transistors 94, 95) for each
front-surface micro-bump MFB shown in FIG. 11 can be
disposed within the bump electrode placement region BA.
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This means that there is no need for a region for placing the
output circuit 93 to be provided outside the bump electrode
placement region BA, so the surface area can be utilized
more efficiently and a more compact semiconductor device
can be achieved.

Preferred modes of embodiment of the present invention
have been described above but the present invention is not
limited to these modes of embodiment, and various modi-
fications may be made within a scope that does not depart
from the essential point of the present invention; it goes
without saying that any such modifications are also included
in the scope of the present invention.

For example, the present invention may also be advanta-
geously applied to a semiconductor device that does not
employ memory chips having through-electrodes TSV. FIG.
19(b) shows an example of this kind of semiconductor
device 10a. As shown in the drawing, the semiconductor
device 10a has a configuration in which the memory chips
21-23 are removed from the semiconductor device 10
described in the first and second modes of embodiment and
the memory chip 24 which is lacking through-electrodes
TSV is stacked directly on the control chip 30. The present
invention may also be advantageously applied to a read data
output circuit and an electrostatic discharge section circuit
internally provided in the memory chip 24 included in this
kind of semiconductor device 10a. It should be noted that
the semiconductor device 10a is also preferably manufac-
tured by preparing a semifinished article 10eA shown in
FIG. 19(a) and connecting this to the control chip 30 and
circuit board 40 in the same way as with the semiconductor
device 10.

KEY TO SYMBOLS

2,3, 60,90 . .. Internal circuit

10, 10a . . . Semiconductor device
10A, 10aA . . . Semifinished article
21-24 . . . Memory chip

30 . . . Control chip

40 . . . Circuit board

41 . . . Board electrode
42 . . . External terminal
43 . . . Sealing resin

50a, 505, 524, 525, 51, 53, 54, 55a, 55b, 56, 57a, 57b, 58,
63, 64, 71, 73, 75, 80, 84, 85 . . . Wiring

81, 82 . . . Power supply wiring

61 . . . Electrostatic discharge protection circuit

62, 62,-62,, 94, 95 . . . Transistor

62D1, 62D2,94D1, 94D2, 96, 95D1,95D2, 97 . . . Diffusion
layer

62G, 94G . . . Gate electrode

621, 941 . . . Gate insulating film

72, 74, 76, 77, TH1-TH6, THI11-TH14, TH16-TH19,
TH20a, TH205, TH21, TH22a, TH22b, TH23, TH25a,
TH25b, TH26, TH27a, TH27b, TH28 . . . Through-hole
conductor

91 ... NOR circuit

92 . .. NAND circuit

93 . .. Output circuit

BA . . . Bump electrode placement region
CBB . . . Back-surface micro-bump
CFB . . . Front-surface micro-bump

ChA-ChD . . . Channel

11-I5 . . . Insulating layer

IS . . . Element-isolation insulating film
K1-K4 . . . Active region

MBB . . . Back-surface micro-bump
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MFB, MFBa-MFBd, MFB,-MFB, . . . Front-surface micro-
bump
SS . . . Semiconductor substrate
TP . .. Test pattern
TSV, TSV1, TSV2 . . . Through-electrode

What is claimed is:
1. A semiconductor device comprising:
a semiconductor substrate;
first, second, and third bump electrodes which are formed
on the semiconductor substrate and are disposed at a
first pitch along a first direction;
fourth, fifth, and sixth bump electrodes which are formed
on the semiconductor substrate and are disposed at the
first pitch along the first direction;
seventh, eighth, and ninth bump electrodes which are
formed on the semiconductor substrate and are dis-
posed at the first pitch along the first direction;
a first transistor comprising first and second diffusion
layers which are formed on the semiconductor sub-
strate; and
a first power supply line disposed on the semiconductor
substrate, wherein:
the first, fourth and seventh bump electrodes are dis-
posed along a second direction intersecting the first
direction at a second pitch such that the first bump
electrode is located between the fourth and seventh
bump electrodes;

the second, fifth and eighth bump electrodes are dis-
posed along the second direction at the second pitch
such that the second bump electrode is located
between the fifth and eighth bump electrodes;

the third, sixth and ninth bump electrodes are disposed
at the second pitch along the second direction such
that the third bump electrode is located between the
sixth and ninth bump electrodes;

the first diffusion layer is connected to the first bump
electrode;

the second diffusion layer is connected to the first
power supply line; and

the first transistor is disposed in a region between the
fourth and sixth bump electrodes and the seventh and
ninth bump electrodes.

2. The semiconductor device as claimed in claim 1,
wherein the first to ninth bump electrodes are respectively
connected to first to ninth through-electrodes running
through the semiconductor substrate.

3. The semiconductor device as claimed in claim 1,
wherein the first transistor further comprises a first gate
electrode which is formed on the semiconductor substrate,
and the first gate electrode is connected to the first power
supply line.

4. The semiconductor device as claimed in claim 3,
further comprising:

a second transistor comprising a second gate electrode
and third and fourth diffusion layers formed on the
semiconductor substrate;

a third transistor comprising a third gate electrode and
fifth and sixth diffusion layers formed on the semicon-
ductor substrate;

a fourth transistor comprising a fourth gate electrode and
seventh and eighth diffusion layers formed on the
semiconductor substrate;

a fifth transistor comprising a fifth gate electrode and
ninth and tenth diffusion layers formed on the semi-
conductor substrate;
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a sixth transistor comprising a sixth gate electrode and
eleventh and twelfth diffusion layers formed on the
semiconductor substrate;
a seventh transistor comprising a seventh gate electrode
and thirteenth and fourteenth diffusion layers formed
on the semiconductor substrate;
an eighth transistor comprising an eighth gate electrode
and fifteenth and sixteenth diffusion layers formed on
the semiconductor substrate; and
a ninth transistor comprising a ninth gate electrode and
seventeenth and eighteenth diffusion layers formed on
the semiconductor substrate, wherein:
the third diffusion layer is connected to the second
bump electrode;

the fifth diffusion layer is connected to the third bump
electrode;

the seventh diffusion layer is connected to the fourth
bump electrode;

the ninth diffusion layer is connected to the fiftth bump
electrode;

the eleventh diffusion layer is connected to the sixth
bump electrode;

the thirteenth diffusion layer is connected to the seventh
bump electrode;

the fifteenth diffusion layer is connected to the eighth
bump electrode;

the seventeenth diffusion layer is connected to the ninth
bump electrode;

the fourth diffusion layer, the second gate electrode, the
sixth diffusion layer, the third gate electrode, the
eighth diffusion layer, the fourth gate electrode, the
tenth diffusion layer, the fifth gate eclectrode, the
twelfth diffusion layer, the sixth gate electrode, the
fourteenth diffusion layer, the seventh gate electrode,
the sixteenth diffusion layer, the eighth gate elec-
trode, the eighteenth diffusion layer, and the ninth
gate electrode are connected to the first power supply
line;

the first to ninth transistors are disposed in such a way
that the planar centers thereof are located at positions
separated by a first distance in the first direction and
separated by a second distance in the second direc-
tion, as seen from the planar centers of the corre-
sponding first to ninth bump electrodes,

the first distance is smaller than the first pitch; and

the second distance is smaller than the second pitch.

5. The semiconductor device as claimed in claim 1,

further comprising:
a second transistor comprising third and fourth diffusion
layers formed on the semiconductor substrate; and
a second power supply line which is disposed on the
semiconductor substrate and is supplied with a different
potential to the first power supply line, wherein:
the third diffusion layer is connected to the first bump
electrode;

the fourth diffusion layer is connected to the second
power supply line;

the first transistor is disposed in a region between the
first bump electrode and the seventh bump electrode;
and

the second transistor is disposed in a region between
the first bump electrode and the fourth bump elec-
trode.

6. The semiconductor device as claimed in claim 5,

further comprising:

a first active region disposed in a region between the first
bump electrode and the seventh bump electrode; and
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a second active region disposed in a region between the
first bump electrode and the fourth bump electrode,
wherein
the first and second diffusion layers are disposed within

the first active region; and
the third and fourth diffusion layers are disposed within
the second active region.

7. The semiconductor device as claimed in claim 5,
wherein the first transistor is a transistor of a first conduction
type, and the second transistor is a transistor of a second
conduction type different from the first conduction type.

8. The semiconductor device as claimed in claim 5,
wherein:

the first transistor comprises a first gate electrode;

the second transistor comprises a second gate electrode;
and

apotential expressing output data to be output through the
first bump electrode is supplied to the first and second
gate electrodes.

9. The semiconductor device as claimed in claim 5,

further comprising:

a third transistor comprising fifth and sixth diffusion
layers formed on the semiconductor substrate;

a fourth transistor comprising seventh and eighth diffu-
sion layers formed on a semiconductor substrate;

a fifth transistor comprising ninth and tenth diffusion
layers formed on the semiconductor substrate;

a sixth transistor comprising eleventh and twelfth diffu-
sion layers formed on the semiconductor substrate;

a seventh transistor comprising thirteenth and fourteenth
diffusion layers formed on the semiconductor substrate;

an eighth transistor comprising fifteenth and sixteenth
diffusion layers formed on the semiconductor substrate;

a ninth transistor comprising seventeenth and eighteenth
diffusion layers formed on the semiconductor substrate;

a tenth transistor comprising nineteenth and twentieth
diffusion layers formed on the semiconductor substrate;

an eleventh transistor comprising twenty-first and twenty-
second diffusion layers formed on the semiconductor
substrate;

a twelfth transistor comprising twenty-third and twenty-
fourth diffusion layers formed on the semiconductor
substrate;

a thirteenth transistor comprising twenty-fifth and twenty-
sixth diffusion layers formed on the semiconductor
substrate;

a fourteenth transistor comprising twenty-seventh and
twenty-eighth diffusion layers formed on the semicon-
ductor substrate;

a fifteenth transistor comprising twenty-ninth and thirtieth
diffusion layers formed on the semiconductor substrate;

a sixteenth transistor comprising thirty-first and thirty-
second diffusion layers formed on the semiconductor
substrate;

a seventeenth transistor comprising thirty-third and thirty-
fourth diffusion layers formed on the semiconductor
substrate; and

an eighteenth transistor comprising thirty-fifth and thirty-
sixth diffusion layers formed on the semiconductor
substrate; wherein:
the fifth and seventh diffusion layers are connected to

the second bump electrode;

10

15

20

25

30

35

40

45

50

55

60

20

the ninth and eleventh diffusion layers are connected to
the third bump electrode;

the thirteenth and fifteenth diffusion layers are con-
nected to the fourth bump electrode;

the seventeenth and nineteenth diffusion layers are
connected to the fifth bump electrode;

the twenty-first and twenty-third diffusion layers are
connected to the sixth bump electrode;

the twenty-fifth and twenty-seventh diffusion layers are
connected to the seventh bump electrode;

the twenty-ninth and thirty-first diffusion layers are
connected to the eighth bump electrode;

the thirty-third and thirty-fifth diffusion layers are con-
nected to the ninth bump electrode;

the sixth, tenth, fourteenth, eighteenth, twenty-second,
twenty-sixth, thirtieth and thirty-fourth diffusion lay-
ers are connected to the first power supply line;

the eighth, twelfth, sixteenth, twentieth, twenty-fourth,
twenty-eighth, thirty-second and thirty-sixth diffu-
sion layers are connected to the second power supply
line;

the second and eighth transistors are disposed in a
region between the first bump electrode and the
fourth bump electrode;

the first and thirteenth transistors are disposed in a
region between the first bump electrode and the
seventh bump electrode;

the fourth and tenth transistors are disposed in a region
between the second bump electrode and the fifth
bump electrode;

the third and fifteenth transistors are disposed in a
region between the second bump electrode and the
eighth bump electrode;

the sixth and twelfth transistors are disposed in a region
between the third bump electrode and the sixth bump
electrode;

the fifth and seventeenth transistors are disposed in a
region between the third bump electrode and the
ninth bump electrode;

the seventh transistor is disposed on the opposite side
of the fourth bump electrode to the eighth transistor;

the ninth transistor is disposed on the opposite side of
the fifth bump electrode to the tenth transistor;

the eleventh transistor is disposed on the opposite side
of the sixth bump electrode to the twelfth transistor;

the fourteenth transistor is disposed on the opposite
side of the seventh bump electrode to the thirteenth
transistor;

the sixteenth transistor is disposed on the opposite side
of the eighth bump electrode to the fifteenth transis-
tor;

the eighteenth transistor is disposed on the opposite
side of the ninth bump electrode to the seventeenth
transistor;

the first, third, fifth, seventh, ninth, eleventh, thirteenth,
fifteenth and seventeenth transistors are transistors of
a first conduction type; and

the second, fourth, sixth, eighth, tenth, twelfth, four-
teenth, sixteenth and eighteenth transistors are tran-
sistors of a second conduction type different from the
first conduction type.
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